Introduction {#sec1}
============

Risk aversion is one of the pillars of the theories used by economists. The theory of choice is also extensively analyzed by social sciences such as anthropology, psychology, political science, sociobiology, and sociology. Investor choice theory analyzes the behavior of individuals when confronted with the task of ranking risky alternatives and the assumption of nonsatiation. [@ref89] considers that an investor is risk averse when she\\he receives more utility from the actuarial value of a gamble obtained with certainty than from taking the gamble itself. [@ref89] and later [@ref107] consider risk attitude in the portfolio selection process, implementing the theory of games and economic behavior described by [@ref110]. Beyond the characterization of a risk-averse utility function and how to measure a risk premium, [@ref97] and [@ref5] provide a specific definition of risk aversion. The Pratt-Arrow definition of risk aversion is useful because it provides much more insight into people's behavior in the face of risk.

Risk preferences depend on a great deal of determinants; but, in order to make their implementation easier, the classical literature summarizes them by a single risk aversion coefficient. However, fixed risk attitude coefficients could yield strategies that do not consider the variability in the agents' expectations. The financial literature considers risk aversion through a constant parameter or, alternatively, through a time-dependent parameter with respect to different macroeconomic and financial variables. As an additional component, recent developments take advantage of growing data processing capacity to reduce uncertainty and estimate ever more accurate changing risk aversion. The use of big data in financial markets enables faster and faster processing of data on many macro and financial variables. This better quality information provides insight into the expectations of modern investors and reduces their uncertainty about investment outcomes. In this context, the aim of this paper is to review the risk aversion literature by comparing the invariant and dynamic nature of risk preferences.

Background {#sec2}
==========

Individual preferences are complex, depending on a variety of economic, political, human, or even cultural factors. Risk aversion plays a key role to understand the behavior of different economic periods and, above all, economic recessions. This parameter amplifies the response of the most relevant macroeconomic variables to shocks of uncertainty and is, in short, the point of conciliation that makes it possible to relate finance, macroeconomics, and uncertainty. An extensive literature analyzes how fluctuations in economic uncertainty influence the dynamics of the economic cycle (see, e.g., [@ref16]; [@ref18]; [@ref1], [@ref2]; [@ref27]; [@ref20]; [@ref6]) and help explain the countercyclical behavior of major economic variables (e.g., [@ref29]; [@ref105]; [@ref47]; [@ref20]). However, the traditional way in which macroeconomists explained economic fluctuations largely ignored the importance of risk aversion in understanding economic cycles. Thereunder, the new macroeconomy recognizes that financial shocks are relevant to the real economy. [@ref74] observe a time-varying relationship between uncertainty and real activity based on a new measure of uncertainty linking financial risk aversion coefficients with macroeconomic variables. In this sense, market risk premium and volatility reach their highest values in financial crises rather than in times of economic recession or war ([@ref91]). [@ref62] link changes in investor risk aversion to changes in wealth, expected income, and perceived probabilities and emotional changes in the utility function. Several authors highlight the interaction between political uncertainty and individual risk aversion. In this sense, [@ref94] incorporate this relationship into a general equilibrium model, while [@ref24] and [@ref8] examine this interaction by fitting political uncertainty through an index based on press reports.

Numerous studies show that risk aversion increases with age (e.g., [@ref73]; [@ref26]; [@ref22]; [@ref25]). [@ref64] and [@ref70] consider that consumers have pessimistic beliefs and, faced with a range of possible outcomes, act as if the worst outcomes occurred, displaying a behavior known as "ambiguity aversion." This concept explains why many households do not invest in the stock market since the return on this investment is more ambiguous (i.e., they are not able to assign probabilities to possible outcomes) than the return on a bank deposit or a Treasury Bill ([@ref43]). [@ref113] relate risk aversion with pessimism and rare disasters. [@ref59] propose the availability heuristic theory in which the most recent observations have the greatest impact on an individual's decision-making. Investors assign more probability to future stock market falls after a stock market crash. [@ref76] relate risk aversion to seasonal affective disorder, a depressive disorder associated with declining daylight hours. [@ref93] examine the influence of behavioral biases as testosterone or stress on the individual's risk aversion. [@ref68], [@ref69] link up investor return experiences, confidence and investment beliefs and show why confident investors trade more than less confident investors. [@ref52] and [@ref96] find a positive correlation between patience and intelligence. [@ref106] suggests a possible discrepancy between individual and aggregate risk aversion in the context of background risk. Finally, a branch of literature proofs the influence of social factors, ethical preferences, or religious beliefs on investor's risk attitude (e.g., [@ref46]; [@ref92]; [@ref17]).

Constant Risk Aversion {#sec3}
----------------------

Although risk preferences depend on several factors, most theoretical literature fits the risk aversion as an invariant parameter that represents the personal level of risk attitude. Simple models are very relevant as they help us set ideas. Assuming constant risk aversion allows models to reach precise and relatively simple formulas for relationships between variables. [Table 1](#tab1){ref-type="table"} shows some applications of constant risk aversion parameters compared to other applications with time-varying coefficients. Empirical studies show contradictory evidence for this invariable parameter over time. For instance, the risk attitude parameter appears as stable for correlative periods of time in [@ref31], or much more unstable in [@ref55].

###### 

Invariant vs. time-varying risk aversion applications.

  Invariant risk aversion                            Time-varying risk aversion
  -------------------------------------------------- ----------------------------------------------------------------------
  Expected utility and quadratic functions           Dependent on the economic cycle
  Shape-invariant pricing kernels                    Time-varying pricing kernels
  Ambiguity and unawareness models                   Macroeconomic and financial uncertainty measures
  Point estimations for a whole data sample period   Implicit dynamic risk aversion in option prices and realized returns
                                                     Construction of proxies of the market sentiment by PCA
                                                     Dynamic risk aversion and the CAPM model
                                                     Time-varying risk aversion and GARCH-M models

*Source: Compiled by the authors*.

[@ref103] define constant risk aversion as the invariant preference relation between outcomes of two distributions when adding or multiplying them by the same positive number. [@ref99] show that risk attitude is strongly linked with the family of generalized expected utility preferences which exhibit constant risk aversion. These expected utility preferences are constant only if the investor's utility function is quadratic, which is consistent with the capital asset pricing model (CAPM). In addition, these preferences are a generalization of both, invariant risk preferences (e.g., [@ref98]; [@ref103]) and mean-standard deviation attitude. Other approaches link shape-invariant pricing kernels to the estimation of a constant risk aversion parameter (e.g., [@ref83]; [@ref61]).

Recently, [@ref410] generalized the preference structure in [@ref56] to allow for the decision maker's *ex post* preferences to be ambiguity averse, which implies constant risk appetite. Other studies assume that investor's risk preferences are constant and invariant to changes of unawareness and unforeseen contingencies (e.g., [@ref77], [@ref78]; [@ref90]; [@ref88]). [@ref7] demonstrate that most ambiguity models forecast that risk aversion remains constant when individuals improve overall.

Time-Varying Risk Aversion {#sec4}
--------------------------

Considering the variability in agents' expectations, to model the risk aversion parameter has a cost in terms of complexity. Empirical papers document time-varying risk premia in several financial markets (e.g., [@ref53]; [@ref67]; [@ref80]; [@ref65]; [@ref85]). There are several studies in financial literature that refer to time-varying risk aversion as a dependent parameter of different macroeconomic and financial variables. In a seminal paper on asset pricing, [@ref28] consider that an individual is more or less risk averse according to the economic and political circumstances. Their "habit formation" model incorporates large and frequent variation of the risk aversion parameter. In the same vein, [@ref23] develop a consumption-based asset pricing model in which aggregate risk aversion responses to both consumption growth and inflation news. [@ref45] consider "anxious" investors, who are more risk averse to an imminent risk than to distant one and propose a theory that leads to a downward-sloping term structure of risk premia. In the same vein, [@ref4] propose a horizon-dependent risk aversion model involving term structures of risk premium consistent with the evidence that agents are more reluctant to immediate risks than to deferred risks. Behavioral approaches have also incorporated time-varying risk aversion by way of dynamic loss aversion or conditional disappointment aversion (e.g., [@ref12]; [@ref102]).

As mentioned, risk preferences are closely related to economic cycles. Many studies indicate that risk aversion is countercyclical. This way, [@ref101] observe a countercyclical investor risk aversion parameter by fitting a dynamic pricing kernel. Based on the consumption-based model of [@ref28], [@ref84] shows the influence of dynamic risk aversion on asset pricing by observing that countercyclical changes in risk attitude lead to a procyclical time-varying risk premium. Furthermore, [@ref34] notes that risk premia are countercyclical over time and are also coordinated across asset classes. Finally, [@ref60] observe the key role of time-varying risk aversion as a macroeconomic determinant of stock market betas.

Time-varying risk preferences have been modeled in several ways. A branch of the financial literature focuses on risk aversion implicit in option prices and realized returns. Option contracts offer several advantages when considering risk preferences (e.g., [@ref19]). To price options, it is only necessary to infer a discounted cash flow for a given horizon. In addition, there are options for different maturities. The multiplicity of prices for different payments on the same underlying asset provided by the options makes it possible to construct a density function for the distribution of the possible values of the underlying asset. The risk attitude implicit in option prices contains information of investors' behavior toward risk and, hence, its variability may be captured by the jumps in risk premia implicit in the market. From option prices and realized returns on the S&P500 index, [@ref71] derives investor's risk aversion functions and observes how shapes around financial crises change dramatically. As expected from the economic theory, these functions are positive and diminish in wealth during the pre-crisis period. On the other hand, their behavior is not consistent with the hypotheses after this event. Several authors, such as [@ref3], [@ref13], [@ref112], [@ref81], and [@ref86], implement an implicit estimation of the individuals' risk attitude from the joint observations of the cross-section of option premiums and time series of underlying assets. They examine the risk preference of market participants in different states of the world and find that risk aversion level strongly increases during stressed market conditions.

Other approaches are related to the construction of indices or proxies that represent the time-varying aggregate investor sentiment in a given financial market. The main aversion indicators can be grouped into different types: indicators that use a principal component analysis (PCA) on several financial variables (e.g., [@ref9], [@ref10]; [@ref63]; [@ref30]; [@ref15]); indicators based on the correlation between volatilities and changes in asset prices (e.g., [@ref82]); volatility indices, such as the "VIX" that uses the implied volatility of option prices on the Chicago Board Options Exchange (CBOE); and many others. For instance, [@ref9] elaborate a composite index of investor sentiment derived from the first principal component of six basic proxies of investor sentiment based on various stock market indicators. On the basis of a dynamic asset pricing model with stochastic risk aversion, [@ref15] propose a measure of a time-varying risk aversion computed at a daily frequency that distinguishes the time variation in economic uncertainty (the amount of risk) from time variation in risk aversion (the price of risk). Most of these risk aversion indicators are used by other authors to test their ability to forecast financial crises. For example, [@ref36] use logit and multilogit models and observe that risk aversion indicators are good leading indicators of stock market crises.

There is a line of research linking investor risk aversion with the market risk premium derived from conditional heteroscedasticity models. The mean-variance Capital Asset Pricing Model (CAPM) of [@ref104] and [@ref87] assumes constant second-order moments to arrive at its valuation expression, which is based on a linear relationship between expected return and risk. However, an extensive empirical evidence shows a conditional heteroscedasticity in the stock markets (e.g., [@ref33]; [@ref95]; [@ref55])[^1^](#fn001){ref-type="fn"}. In parallel, models of Autoregressive Conditional Heteroscedasticity (ARCH) are developed ([@ref49]) with a multitude of subsequent extensions (e.g., [@ref21]; [@ref42]; [@ref51]). Authors such as [@ref57], [@ref58] analyze the effects of conditional risk aversion and ARCH models for both market risk premium and performance in the static CAPM model. Given the instability of risk aversion coefficients and risk premiums over different time periods, [@ref32] improve the ARCH-in-mean (ARCH-M) model of [@ref50] with a rolling estimation procedure in which the time-varying risk aversion is integrated by a Kalman filter method. This methodology is widely applied and expanded by the use of Generalized Autoregressive Conditional Heteroskedasticity in-mean models (GARCH-M) to test the validity of dynamic risk aversion parameters in the estimation of the market risk premium (e.g., [@ref54]; [@ref48]; [@ref39]; [@ref35]; [@ref40]).

Recent literature proposes text-processing techniques based on Internet search volume of certain keywords to predict returns, rather than measures based on market trading volumes and returns. There is a debate about whether these high-frequency measures actually measure time-varying risk aversion (e.g., [@ref109]; [@ref79]) or whether, on the contrary, they capture retail investors' attention toward the stock market (e.g., [@ref37]; [@ref72]; [@ref109]; [@ref41]) or even the investor sentiment (e.g., [@ref38]; [@ref66]). In any case, social networks can provide information on the collective behavior of investors, their state of mind, and thus allow an estimation of risk aversion at each instant of time. Financial analysis improves by increasing the speed of processing and the amount of data available. Big data and faster processors enhance investors' forecasts of future returns. As faster and wider access to information about assets reduces uncertainty, investors tend to perceive them as "safer" ([@ref108]) and makes portfolio selection results more predictable ([@ref75]; [@ref14]). Given that traditional literature states that more risk-averse investors demand more information (e.g., [@ref111]; [@ref44]), future research can further explore the extent to which the greater current availability of information accessible to all investors could imply a reduction in risk aversion.

Conclusions {#sec5}
===========

This literature review summarizes, critically examines, and clarifies alternative viewpoints of the most relevant contributions in each of the facets that affect the study and use of risk aversion in financial models. We review the literature with a view to providing a clear understanding of both constant or invariable risk aversion and variable risk attitude over time in the context of investor behavior and investment decisions in an environment of uncertainty.

Despite the influence of risk aversion in the investment context, most classical financial literature considers fixed values to reflect common levels of risk aversion over a full sample period. The use of a static estimate of the risk aversion coefficient over large timeframes may be desirable in simplifying models but could lead to investment decisions that do not reflect the investor's actual attitude toward risk. On this basis, an extensive literature both in economics and in many other disciplines shows the large number of determinants of risk aversion and proofs its changing nature over time. New macroeconomy and financial theory recognize the key role of risk aversion in economic cycles, finding a countercyclical relation between risk preferences and the economic period. Many asset pricing models exhibit countercyclical risk aversion, including a behavioral dimension by way of risk-averse utility functions. Furthermore, several approaches allow the inclusion of dynamic risk aversion, such as volatility or sentiment indices, implied methods based on financial option pricing, the rolling ARCH-M model and the Kalman filter methodology, or information technology and big data analysis.
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^1^This evidence is one more of the traditional criticisms of CAPM, such as the unobservability of the market portfolio ([@ref100]) or the need to incorporate additional risk factors (e.g., [@ref11]).
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